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ABSTRACT
AQ5 This study aimed to analyse the association between the socioeconomic status (SES) and fatness and
20 fitness in preschoolers. 2,638 preschoolers (3–5 years old; 47.2% girls) participated. SES was estimated
from the parental educational and occupational levels (i.e., low, medium or high), and the marital status.
Fatness was assessed by body mass index (BMI), waist circumference (WC), and waist-to-height ratio
(WHtR). Physical fitness components were assessed using the PREFIT battery. Preschoolers whose
parents had higher educational levels had lower fatness (P < 0.05). BMI significantly differed across
25 occupational levels of each parent (P < 0.05) and WHtR across paternal levels (P = 0.004).
Musculoskeletal fitness was different across any SES factor (P < 0.05), except handgrip across paternal
occupational levels (P ≥ 0.05). Preschoolers with high paternal occupation had higher speed/agility
(P = 0.005), and those with high or low maternal education had higher VO2max (P = 0.046). Odds of
being obese and having low musculoskeletal fitness was lower as SES was higher (P < 0.05). Those with
30 married parents had higher cardiorespiratory fitness than single-parent ones (P = 0.010). Overall, all
differences presented a small effect size (d< 0.2). School-based interventions should be aware of that
children with low SES are at a higher risk of obesity and low fitness already in the first years of life.
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AQ835 Childhood obesity is one of the most serious public health
problems of the 21st century (World Health Organization
[WHO], 2015). An excess of body fat has severe health con-
sequences for children, making them more likely to develop
diabetes or cardiovascular diseases or to have a premature
40 death later in life (GBD 2015 Obesity Collaborators, 2017;
Lavie, McAuley, Church, Milani, & Blair, 2014; Ortega, Lavie, &
Blair, 2016). Likewise, physical fitness components (i.e. cardior-
espiratory fitness, speed/agility, and musculoskeletal fitness)
are considered important health-related markers already in
45 youth, and may serve as potential protectors to reduce the
harmful effects of fatness on health (Ortega, Ruiz, Castillo, &
Sjöström, 2008; Ruiz et al., 2009).
Since fatness and fitness are important predictors of
health-related factors, it is of relevance to identify their
50common determinants. There is strong evidence supporting
that genetics greatly determines both fatness and fitness,
but less is known about the influence of environmental
factors on these two parameters (Bray et al., 2009;
Nightingale, Rudnicka, Owen, Cook, & Whincup, 2011).
55Among several environmental factors, the socioeconomic
status (SES) may play an important role by influencing life-
style or facilitating access to health care; however, the
available findings on the relationships between SES and
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fatness and fitness are inconclusive (Sandercock et al.,
60 2017). A negative association has been consistently shown
between the SES and childhood obesity (Bammann et al.,
2013; Shrewsbury & Wardle, 2008), whereas inconsistent
results have been found between the SES and fitness in
youth (Freitas et al., 2007; Sandercock et al., 2017).
65 The existing evidence of the relationship between the
SES and fatness and fitness has focused mainly on school
children and adolescents, however environmental factors
have shown a greater influence already in preschoolers’
lifestyle (Schmutz et al., 2017). Thus, it would be interest-
70 ing to examine the mentioned relationship in the first
years of life. To the best of our knowledge, scientific lit-
erature on preschoolers has mainly focused on examining
the relationship between the SES and motor fitness (i.e.
speed/agility, balance, coordination, etc.) (Barnett, Hinkley,
75 Okely, & Salmon, 2013; Bürgi et al., 2010; Morley, Till,
Ogilvie, & Turner, 2015; Ortega et al., 2015), without taking
cardiorespiratory fitness and musculoskeletal fitness into
account. Furthermore, to our knowledge, no studies have
analysed the role of parental marital status in preschoolers’
80 fatness and fitness. Thus, the present study has the aim 1)
to analyse the association between the SES, measured by
parental educational and occupational levels, with fatness
(i.e. total adiposity and abdominal adiposity) and fitness
(i.e. cardiorespiratory fitness, speed/agility, and musculos-
85 keletal fitness) in preschoolers; and 2) to examine whether




90 The present cross-sectional study was performed under the
framework of the PREFIT project (http://profith.ugr.es/pre
fit) which is a multicentre project designed to assess
anthropometry and physical fitness in a sample of pre-
school children geographically distributed across 10
95 towns/cities of Spain (Almería, Cádiz, Castellón, Cuenca,
Granada, Las Palmas de Gran Canaria, Madrid, Palma de
Mallorca, Zaragoza, and Vitoria-Gasteiz) (Cadenas-Sanchez
et al., 2018, 2016; Ortega et al., 2015). An initial conveni-
ence sample of 3,179 healthy preschoolers aged 3–5 years
100 old was recruited. The data collection was conducted from
January 2014 to November 2015. For the present study,
those participants who had complete and valid data on
self-reported SES factors (i.e., educational and occupational
levels), marital status, fatness, fitness, and the main covari-
105 ates were included (n = 2638, 4.6 ± 0.9 years). Among
them, 787 preschoolers were of 3 years-old, 885 of 4 years-
old and 966 of 5 years-old. All measurements were carried
out by trained researchers of the PREFIT project.
One legal guardian or parent provided a written informed
110 consent. The study protocol was performed in accordance
with the ethical standards (Declaration of Helsinki revised in
2013) and was approved by the Review Committee for




A questionnaire about the highest educational level achieved
was filled in by both parents. A variable with three categories
was computed for each parent: low (no education or primary
120school education), medium (secondary school education,
upper-secondary school education, or technical training), and
high (university education). Also, a parental combined variable
was computed for the educational level: low (neither parent
had university education), medium (one of the parents had
125university education), and high (both parents had university
education) (Huppertz et al., 2017).
Parental occupational level
Both parents were asked to answer an open question concerning
their current occupation. The answers of each parent were cate-
130gorised following the International Standard Classification of
Occupations (ISCO) and taking into account the Homemakers
(11), and Unemployed (12) (International Labour Office, 2012).
The ISCO categories were re-categorised as high (1 to 3), medium
(4 to 8), and low (9 to 12). Also, a parental combined variable was
135computed for the occupational level: low (neither parent had
a high occupational level), medium (one of the parents had
a high occupational level), and high (both parents had a high
occupational level).
Marital status
140The marital status was self-reported by the parents using the
following question: “What is your current marital status?” They
chose 1 of 4 answers: single, married, divorced, or widowed. As
in previous studies (Hesketh, Crawford, Salmon, Jackson, &
Campbell, 2007; Yannakoulia et al., 2008), the marital status
145was finally categorised as: single (1), married (2), divorced (3).
Only 5 parents answered “widowed” and were excluded from
the analyses.
Fatness
The weight (kg) was measured using a SECA scale (869
150scale, Hamburg, Germany; accuracy 0.05 g) and the height
(cm) was measured using a stadiometer (SECA model 213,
accuracy 0.10 cm). The body mass index (BMI) was calcu-
lated as the weight (kg) divided by the height squared
(m2). The waist circumference (WC) (cm) was measured at
155the level of the umbilicus zone in the horizontal plane with
a non-elastic tape (SECA model 200). The waist-to-height
ratio (WHtR) (cm/m) was calculated as the WC expressed in
centimetres divided by the height expressed in metres. All
measurements were taken twice, and the mean was used
160in the analyses.
Physical fitness
The physical fitness components were assessed using the
feasible and reliable evidence-based physical FITness test bat-
tery in PREschool children: the PREFIT battery (http://profith.
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165 ugr.es/recursos-prefit?lang=en) (Cadenas-Sánchez et al., 2014;
Cadenas-Sanchez et al., 2016; Ortega et al., 2015).
Cardiorespiratory fitness
The PREFIT 20-meters shuttle-run test (PREFIT 20m SRT) was
used to assess cardiorespiratory fitness. This test has been
170 specifically adapted from the original one (Léger, Mercier,
Gadoury, & Lambert, 1988) to be used in preschool children
(Cadenas-Sánchez et al., 2014). The initial speed was 6.5 km/
h−1, increasing 0.5 km/h−1 every stage. The participants did
this test once and always at the end of the fitness battery
175 testing session. We registered the last completed lap, and we
estimated VO2max (ml/kg/min) using the original equation of
Leger (Léger et al., 1988) adapted to the PREFIT 20m SRT for
preschoolers (Mora-Gonzalez et al., 2017).
Speed/agility
180 The 4x10-meters shuttle-run test (4x10m SRT) was used to
assess speed/agility. The participants ran back and forth
four times between two parallel lines 10m apart at the
highest speed possible. The preschoolers did the test
twice, and the best performance was registered for analyses
185 (sec). In this test, a longer time indicates a poorer perfor-
mance (i.e., slower and less agile).
Musculoskeletal fitness
The upper body muscular strength was assessed with the
handgrip strength test (HG) using a dynamometer (TKK 5001,
190 Grip-A, Takei, Tokyo, Japan; range 0–100kg; accuracy 0.5 kg).
The optimal grip span was fixed at 4.0 cm (Sanchez-Delgado
et al., 2015). The child performed the test twice, alternating
with both hands, and the maximum score for each hand was
recorded in kilograms (kg) to compute the mean of both
195 hands. To account for differences in body size, the absolute
HG test was divided by body weight (relative HG strength).
The standing long-jump test (SLJ) was used to assess the
lower body muscular power. In this test, the preschoolers had
to jump as far as possible with their feet separated from each
200 other. We registered the longest distance achieved, and we
recorded the best of three attempts (cm) as a relative mea-
surement of lower muscular power.
The individual score of each test was standardized as follows:
z-standardized value = (value – the sample mean)/SD. The z-score
205 of musculoskeletal fitness was then calculated as the mean of the
two standardized scores (relative HG strength + SLJ)/2.
Statistical analysis
A significant sex interaction was found only for the association
between the paternal educational level and the SLJ test
210 (P = 0.025). Therefore, we studied the relationship between the
paternal education and the SLJ test separately for boys and girls.
Prior to all analyses, all outcomes were checked for normal
distribution and all the outcomes were normally distributed. To
examine the differences between levels of each SES factor and
215 marital status with respect to fatness and fitness outcomes, we
conducted analyses of covariance (ANCOVA) adjusted by age
and sex, with pairwise comparisons with Bonferroni adjustments.
Cohen´s d (standardized mean difference) was assessed as
a measure of the magnitude of effect. Taking into account the
220cut-off established by Cohen, the effect size (Cohen´s d) can
be small (d= 0.2), medium (d= 0.5) or large (d= 0.8) (Nakagawa
& Cuthill, 2007). In addition to the main analyses previously
described, additional ANCOVA analyses were performed to
examine whether the results obtained by the main analyses
225remained constant after adjusting SES and fatness models by
marital status and standing long jump test, and SES and
fitness models by marital status and BMI.
The binary logistic regression was used to obtain the
odds ratio (OR) and 95% confidence intervals (95%CI) of
230being obese for every level of paternal education and
occupation adjusting by sex and age. BMI was categorised
in non-overweight-obese (n = 2087) vs. overweight-obese
(n = 560), according to the Cole & Lobstein’ cut-offs (Cole
& Lobstein, 2012). Only a 4.6% of the total sample fell into
235“underweight category” so they were included together
with normal-weight preschoolers into the non-overweight-
obese category. Since musculoskeletal fitness was the com-
ponent with the strongest relation to the SES, the same
analysis was performed to obtain the OR of having low
240musculoskeletal fitness. In this case, a z-score of musculos-
keletal fitness was categorised as low musculoskeletal fit-
ness (i.e. participants below the age-specific and sex-
specific 20th percentile of the sample, n = 528) vs. middle-
high musculoskeletal fitness (i.e. all rest of participants
245above the 20th percentile, n = 2119). The use of the 20th
percentile has been previously used (Ortega et al., 2016;
Ortega, Ruiz, Labayen, Lavie, & Blair, 2017). For all of the
analyses, we set a significance level of P < 0.05. All the
statistical procedures were performed using the SPSS soft-
250ware for Windows (version 22.0, IBM Corporation).
Results
Differences in fatness across parental SES levels
The descriptive characteristics of the preschool children
(n = 2638) are shown in Table 1. We found significant differ-
255ences in BMI, WC, and WHtR across both paternal and maternal
educational levels (P < 0.05) (Table 2). Significant differences
were also found in BMI across both paternal and maternal
occupational levels (P < 0.05), and in WHtR across paternal
occupational levels (P = 0.004). After additional analyses, all
260these differences were considered statistically independent of
marital status and fitness, except the differences in WHtR across
paternal educational levels as the significance disappeared
(P ≥ 0.05). We observed small effect sizes (Cohen´s d≤ 0.2) for
the previous analyses with significant differences.
265Those participants with both parents with high or med-
ium educational levels had lower odds of being obese
compared with those with both parents with low educa-
tional levels (OR = 0.67, 95%CI: 0.541–0.853; OR = 0.72,
95%CI: 0.576–0.914, respectively) (Figure 1). Similarly, chil-
270dren whose parents had high occupational levels had
lower odds of being obese compared to those with low
parental occupational levels (OR = 0.62, 95%CI:
0.470–0.823). The results were similar when the data were
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Table 1. Descriptive characteristics of the sample.
All (n = 2638) Boys (n = 1393) Girls (n = 1245)
Age (years) 4.6 ± 0.9 4.59 ± 0.87 4.59 ± 0.88
Socioeconomic status
Paternal education [n (%)]
Low 255 (9.7%) 137 (9.8%) 118 (9.5%)
Medium 1383 (52.4%) 716 (51.4%) 667 (53.6%)
High 1000 (37.9%) 540 (38.8%) 460 (36.9%)
Maternal education [n (%)]
Low 451 (17.1%) 251 (18.0%) 200 (16.1%)
Medium 910 (34.5%) 476 (34.2%) 434 (34.9%)
High 1277 (48.4%) 666 (47.8%) 611 (49.1%)
Paternal occupation [n (%)]
Low 538 (20.4%) 277 (19.9%) 261 (21.0%)
Medium 1110 (42.1%) 582 (41.8%) 528 (42.4%)
High 990 (37.5%) 534 (38.3%) 456 (36.6%)
Maternal occupation [n (%)]
Low 833 (31.6%) 446 (32.0%) 387 (31.1%)
Medium 833 (31.6%) 454 (32.6%) 379 (30.4%)
High 972 (36.8%) 493 (35.4%) 479 (38.5%)
Marital status [n (%)] *
Single 433 (16.4%) 222 (15.9%) 211 (16.9%)
Married 2104 (79.8%) 1127 (80.9%) 977 (78.5%)
Divorced 101 (3.8%) 44 (3.2%) 57 (4.6%)
Fatness
Weight (kg) 19.0 ± 3.7 19.2 ± 3.9 18.7 ± 3.5
Height (cm) 106.9 ± 7.5 107.5 ± 7.5 106.3 ± 7.4
BMI (kg/m2) 16.5 ± 1.7 16.5 ± 1.8 16.5 ± 1.7
Waist circumference (cm) 53.2 ± 5.0 53.0 ± 5.0 53.4 ± 5.0
Waist-to-height ratio 0.50 ± 0.04 0.49 ± 0.04 0.50 ± 0.04
Fitness
Handgrip strength test (kg) 7.0 ± 2.5 7.4 ± 2.5 6.6 ± 2.3
HG/body weight 0.37 ± 0.10 0.38 ± 0.10 0.35 ± 0.10
Standing long jump test (cm) 74.0 ± 22.2 77.4 ± 21.9 70.2 ± 22.0
4x10m SRT (sec) 16.8 ± 2.5 16.5 ± 2.4 17.2 ± 2.6
PREFIT 20m SRT (shuttles) 19.9 ± 11.6 21.4 ± 12.2 18.2 ± 10.6
PREFIT 20m SRT (estimated VO2max, mL/kg/min) † 49.1 ± 1.7 49.3 ± 1.7 48.8 ± 1.7
The values are means ± standard deviation unless otherwise indicated. *The sample size for marital status descriptive data was n = 2845 preschoolers
(4.6 ± 0.9 years; 52.5% boys). †The VO2max (ml/kg/min) was estimated from the completed stages and the age using the original equation of Leger (Léger
et al., 1988) adapted to the PREFIT 20m SRT for preschoolers by Mora et al. (Mora-Gonzalez et al., 2017). BMI = Body mass index; HG = Handgrip strength test;
SRT = Shuttle-run test.
Table 2. Differences in fatness across parental educational and occupational levels in preschoolers (n = 2638).
BMI (kg/m2) Waist circumference (cm) Waist-to-height ratio *
Educational status
Paternal education
Low (Low-Medium) 16.6 ± 0.11 (0.04) 53.3 ± 0.29 (0.00) 50.2 ± 0.23a (0.07)
Medium (Medium-High) 16.6 ± 0.05a (0.11) 53.3 ± 0.13a (0.10) 49.9 ± 0.10b (0.13)
High (Low-High) 16.3 ± 0.06a (0.15) 52.9 ± 0.15a (0.10) 49.6 ± 0.12a,b (0.20)
Overall P-value 0.005 0.039 0.001
Maternal education
Low (L-M) 16.7 ± 0.08a (0.09) 53.7 ± 0.22a (0.09) 50.3 ± 0.18a (0.10)
Medium (M-H) 16.5 ± 0.06b (0.10) 53.3 ± 0.15 (0.09) 49.9 ± 0.12 (0.11)
High (L-H) 16.4 ± 0.05a,b (0.20) 52.9 ± 0.13a (0.18) 49.5 ± 0.10a (0.21)
Overall P-value 0.001 0.004 0.001
Occupational status
Paternal occupation
Low (L-M) 16.6 ± 0.08a (0.04) 53.4 ± 0.20 (0.03) 50.0 ± 0.16a (0.02)
Medium (M-H) 16.5 ± 0.05 (0.10) 53.3 ± 0.14 (0.08) 49.9 ± 0.11b (0.12)
High (L-H) 16.4 ± 0.06a (0.13) 52.9 ± 0.15 (0.11) 49.5 ± 0.12a,b (0.15)
Overall P-value 0.015 0.060 0.004
Maternal occupation
Low (L-M) 16.5 ± 0.06 (0.03) 53.4 ± 0.16 (0.02) 49.9 ± 0.13 (0.01)
Medium (M-H) 16.6 ± 0.06a (0.12) 53.3 ± 0.16 (0.07) 49.9 ± 0.13 (0.07)
High (L-H) 16.4 ± 0.06a (0.09) 52.9 ± 0.15 (0.09) 49.6 ± 0.12 (0.08)
Overall P-value 0.027 0.110 0.146
The values are adjusted means ± standard error with a Bonferroni adjustment. Effects size statistics for pair comparisons are
expressed as Cohen’s d in parenthesis. Values sharing a common superscript show significant post-hoc differences between pairs at
P < 0.05. The analysis of covariance (ANCOVA) was adjusted by sex and age. Significant differences are highlighted in bold. *The
waist-to-height ratio (cm/m) was calculated as the waist circumference expressed in centimetres divided by the height expressed in
metres. BMI = Body mass index.
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examined separately for maternal and paternal SES levels
275 (Figure 1).
Differences in physical fitness across parental SES levels
We found significant differences in relative HG strength and
the SLJ test across both paternal and maternal educational
levels (P < 0.05) (Table 3). No significant differences among
280 educational categories were found in the rest of the physi-
cal fitness tests (P ≥ 0.05), except for the estimated VO2max
from the PREFIT 20 m SRT (P = 0.046). We found significant
differences in relative HG strength and in the SLJ test across
maternal occupational levels, and also in the SLJ test and
285 the 4 x 10 m SRT across paternal levels (P < 0.05). After
additional analyses, all these differences were considered
statistically independent of marital status and fatness,
except the differences in relative HG strength across mater-
nal educational levels as the significance disappeared
290 (P > 0.05). On the other hand, after this adjustment all the
analyses between SES and absolute HG turned into signifi-
cant (P < 0.05). We observed small effect sizes (Cohen´s
d≤ 0.2) for the previous analyses with significant differences.
Preschoolers whose parents had high educational levels had
295 lower odds of having low musculoskeletal fitness compared to
their peers with low parental educational levels (OR = 0.69, 95%
CI: 0.545–0.874) (Figure 2). Similar results were found for high
paternal educational levels. Preschoolers with parents with high
occupational levels had lower odds of having a low musculos-
300keletal fitness compared to those with low occupational levels
(OR = 0.75, 95%CI: 0.571–0.989). A similar pattern was observed
for high and medium paternal and maternal occupational levels
with respect to their peers with low parental occupational levels
(Figure 2).
305Differences in fatness and physical fitness according to
marital status
According to the marital status, those preschoolers whose
parents were married completed a higher number of laps in
the PREFIT 20 m SRT than their peers whose parents were
310single (P = 0.005) (Figure 3). Similar results were found for the
estimated VO2max from the PREFIT 20 m SRT (data not
shown). We found no significant differences for the rest of
physical fitness tests with respect to the marital status (all
P ≥ 0.05). Likewise, no significant differences were observed
315in fatness indicators (data not shown). We observed small
effect sizes (Cohen´s d≤ 0.2) for the previous analyses with
significant differences.
Figure 1. Odds ratio (95%CI) for the relation of parental educational and occupational levels to being overweight-obese (n = 560; non-overweight-obese n = 2078).
The logistic regression models were adjusted by sex and age. Low educational and occupational levels are set as the reference level (i.e., value 1), so that the odds
ratio is presented for the medium and high level compared with the low level.
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Table 3. Differences in fitness across parental educational and occupational levels in preschoolers (n = 2638).
Handgrip
strength











Low (Low-Medium) 6.9 ± 0.11 (0.03) 0.36 ± 0.005 (0.01) 72.0 ± 1.04a (0.08) 17.0 ± 0.11 (0.08) 20.9 ± 0.60 (0.14) 49.2 ± 0.10 (0.14)
Medium (Medium-High) 7.0 ± 0.05 (0.08) 0.36 ± 0.002a (0.12) 73.4 ± 0.45b (0.12) 16.9 ± 0.05 (0.05) 19.5 ± 0.26 (0.05) 49.0 ± 0.04 (0.04)
High (Low-High) 7.1 ± 0.06 (0.11) 0.37 ± 0.003a (0.11) 75.4 ± 0.53a,b (0.20) 16.8 ± 0.06 (0.13) 20.1 ± 0.31 (0.09) 49.1 ± 0.05 (0.09)
Overall P-value 0.070 0.010 0.002 0.119 0.076 0.114
Maternal education
Low (L-M) 7.0 ± 0.08 (0.02) 0.36 ± 0.004a (0.05) 72.9 ± 0.79 (0.03) 16.9 ± 0.08 (0.01) 20.4 ± 0.46 (0.11) 49.1 ± 0.07 (0.13)
Medium (M-H) 7.0 ± 0.06 (0.05) 0.36 ± 0.003 (0.09) 73.3 ± 0.55 (0.09) 16.9 ± 0.06 (0.04) 19.3 ± 0.32 (0.08) 49.0 ± 0.05 (0.09)
High (L-H) 7.1 ± 0.05 (0.07) 0.37 ± 0.002a (0.16) 74.9 ± 0.47 (0.12) 16.8 ± 0.05 (0.03) 20.1 ± 0.27 (0.03) 49.1 ± 0.04 (0.04)
Overall P-value 0.295 0.016 0.029 0.599 0.084 0.046
Occupational status
Paternal occupation
Low (L-M) 7.0 ± 0.07 (0.03) 0.36 ± 0.004 (0.04) 71.6 ± 0.72a,b (0.14) 17.1 ± 0.08a,b (0.15) 19.4 ± 0.42 (0.07) 49.0 ± 0.07 (0.05)
Medium (M-H) 7.0 ± 0.05 (0.07) 0.37 ± 0.003 (0.06) 73.9 ± 0.50a (0.09) 16.8 ± 0.05a (0.02) 20.1 ± 0.29 (0.02) 49.1 ± 0.05 (0.02)
High (L-H) 7.1 ± 0.06 (0.09) 0.37 ± 0.003 (0.11) 76.0 ± 0.53b (0.23) 16.8 ± 0.06b (0.16) 19.9 ± 0.31 (0.05) 49.0 ± 0.05 (0.02)
Overall P-value 0.127 0.055 <0.001 0.005 0.450 0.612
Maternal occupation
Low (L-M) 6.9 ± 0.06 (0.07) 0.36 ± 0.003a (0.07) 72.2 ± 0.58a,b (0.17) 16.9 ± 0.06 (0.07) 19.9 ± 0.34 (0.03) 49.1 ± 0.05 (0.04)
Medium (M-H) 7.1 ± 0.06 (0.02) 0.37 ± 0.003 (0.07) 75.0 ± 0.58a (0.02) 16.8 ± 0.06 (0.01) 19.6 ± 0.34 (0.04) 49.0 ± 0.05 (0.01)
High (L-H) 7.1 ± 0.06 (0.09) 0.37 ± 0.003a (0.13) 74.7 ± 0.53b (0.15) 16.8 ± 0.06 (0.08) 20.0 ± 0.31 (0.01) 49.1 ± 0.05 (0.02)
Overall P-value 0.131 0.013 0.001 0.163 0.681 0.705
The values are adjusted means ± standard error with a Bonferroni adjustment. Effects size statistics for pair comparisons are expressed as Cohen’s d in parenthesis.
Values sharing a common superscript show significant post-hoc differences between pairs at P < 0.05. The analysis of covariance (ANCOVA) was adjusted by sex
and age. Significant differences are highlighted in bold. * There was a significant interaction between sex and paternal education with the standing long jump test
(P = 0.025). There was a significant difference between low (66.1 ± 1.50), medium (69.4 ± 0.63), and high (72.4 ± 0.76) paternal education for the standing long
jump test in girls (P < 0.001), whereas no significant differences were found between low (77.2 ± 1.45), medium (76.9 ± 0.63), and high (78.1 ± 0.73) paternal
education in boys (P = 0.477). † Higher values of speed-agility mean lower level of fitness. ††Calculated using Mora et al. equation for estimating VO2max from
stages and age in preschoolers (Mora-Gonzalez et al., 2017).
HG = handgrip strength test; SRT = shuttle-run test.
Figure 2. Odds ratio (95%CI) for the relation of parental educational and occupational levels with having a low muscular strength (n = 526; Middle-high muscular
strength, n = 2112). The logistic regression models were adjusted by sex and age. Low educational and occupational levels are set as the reference level (i.e., value
1), so that the odds ratio is presented for the medium and high level compared with the low level.
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Discussion
Main findings
320 The main findings of the present study were that: 1) Preschool
children whose parents had a higher SES had lower fatness
independently of marital status and fitness; 2) Similarly, pre-
school children with parents with high educational and occu-
pational levels performed better in the musculoskeletal fitness
325 tests expressed in relative terms (i.e., relative HG strength and
SLJ) independently of marital status and fatness. In this case
the differences were slightly larger among the occupational
levels than among the educational ones (except for paternal
occupational levels and relative HG strength); 3) We did not
330 observe differences either in fatness or fitness indicators
among occupational and educational levels, except for cardi-
orespiratory fitness by estimated VO2max (PREFIT 20 m SRT)
among maternal educational levels, and for speed/agility
(4 x 10 m SRT) across paternal occupational levels; 4) We
335 observed no consistent differences between mothers and
fathers according to their education and occupation and in
relation to preschoolers’ fatness and fitness; 5) Preschoolers
whose parents (individually and both together) had high SES
levels may have lower odds of becoming obese and of having
340 a low musculoskeletal fitness compared to those of low SES; 6)
Preschoolers whose parents were married had higher cardior-
espiratory fitness (i.e. shuttles in PREFIT 20 m SRT) than those
whose parents were single; 7) In general, we observed a small
effect size (Cohen´s d≤ 0.2) for the significant differences in
345fatness and physical fitness across SES outcomes.
Fatness across parental SES levels
In contrast to the significant differences found in the present
study in fatnessmarkers across levels of SES in Spanish preschoo-
lers, a study with Swiss preschoolers found no significant differ-
350ences in BMI and skinfolds (Bürgi et al., 2010). However, other
studies carried out in older children do support our findings
(Kobzová, Vignerová, Bláha, Krejcovský, & Riedlová, 2004;
Ortega et al., 2013). For instance, one study showed that BMI
was lower in those children whose parents had high educational
355levels (Kobzová et al., 2004). The methodological differences and
disparities between socio-cultural environments of different
places within Europe (Lobstein & Frelut, 2003) might explain
the contradictory results. Furthermore, the influence of the SES
on preschoolers’ fatness might be due to the role that the
360maternal educational level plays when selecting foods for their
children, since the most educated mothers may have greater
knowledge and, therefore, select healthier food (Cutting, Fisher,
Figure 3. Differences in physical fitness components with respect to the marital status. The ANCOVA analyses were adjusted by sex and age. The dots indicate the
estimated mean, and the error bars represent 95% confidence intervals. SRT = shuttle-run test.
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Grimm-Thomas, & Birch, 1999). However, the traditional view of
the mother as the person who plays the major role in raising the
365 children might be changing toward a more equal distribution of
tasks regarding home and child care (Wang & Sweetman, 2013).
This notion seems to be supported by our findings which
showed significant associations between both paternal and
maternal SES factors and fatness and fitness.
370 There is a growing body of evidence suggesting that the SES
is a risk factor of childhood obesity (Shrewsbury & Wardle, 2008;
Wu et al., 2015). In the present study, preschoolers whose father,
mother, or both together presented a high SES had around
30–40% lower risk of becoming obese compared to their peers
375 of low SES. These findings are consistent with a recent meta-
analysis that found that low SES was associated with a 10%
higher risk of overweight and a 41% higher risk of obesity in
children aged 0–15 years old (Wu et al., 2015). Interestingly,
another finding from this meta-analysis was that parental educa-
380 tional levels were more consistently associated with childhood
overweight and obesity than other SES factors (e.g., family
income, living space, etc.). This is also supported by another
study carried out in preschoolers where overweight/obesity has
been shown to be more prevalent among preschoolers of lower
385 SES (Kitsantas & Gaffney, 2010). This may be due to the fact that
parental educational levels seem to influence the whole family’s
lifestyle and activity-related beliefs, and this is directly related to
more or less healthy lifestyles (Drewnowski & Specter, 2004;
Winkleby, Kraemer, Ahn, & Varady, 1998). Further, parental per-
390 ceptions on the weight status of their preschool kids could vary
depending on the SES status of the family as has been shown by
a study where low maternal education was associated with
a failure to perceive their preschoolers as overweight
(Baughcum, Chamberlin, Deeks, Powers, & Whitaker, 2000).
395 Physical fitness across parental SES levels
To the best of our knowledge, this is the first study to investigate
the association between the SES with main health-related phy-
sical fitness components (Caspersen, Powell, & Christenson,
1985) in preschoolers (i.e. 3–5-year-olds), since other studies
400 that examined this association had only focused on motor skills
and in 4–5-year-old preschoolers (Barnett et al., 2013; Bürgi et al.,
2010). In contrast to our results in the 4 x 10 m SRT (i.e., speed/
agility) across educational levels, in the previously-mentioned
study with Swiss preschoolers those with higher educated par-
405 ents were more agile than those with lower educated parents
(Bürgi et al., 2010). The different tests, the different methods to
assess the educational level, and the multi-ethnic and cultural
differences might explain the different results.
Although in the present study musculoskeletal fitness
410 seems to be the strongest fitness component related to the
SES in preschoolers, studies in older children have shown
contradictory findings (Freitas et al., 2007; Imhof et al., 2016;
Lämmle, Worth, & Bös, 2012). In contrast to our results, an
investigation with Portuguese youth reported higher lower
415 body muscular power for the lowest SES level group in boys
(Freitas et al., 2007). This study also found a negative relation-
ship between the SES and cardiorespiratory fitness, but
a positive association between the SES and speed/agility
what concurs with our findings. Another study with 358
420Swiss first graders found a positive association between par-
ental educational level and lower body muscular power but
no association with speed/agility (Imhof et al., 2016). Although
we found no differences in cardiorespiratory fitness as mea-
sured by shuttles, we did find differences in this component as
425measured by estimated VO2max across the maternal educa-
tional levels. This concurs with the previously-mentioned
study also showing that with a higher combined education
of both parents, a better performance was achieved in the
20 m SRT (Imhof et al., 2016). Whereas we observed an overall
430small effect size (d≤ 0.2) for the differences in fitness across
educational levels, this study found medium and large effect
sizes for the differences in lower body muscular power test
(d= 0.5) and the 20 m SRT (d= 0.8), respectively. Despite the
inconsistent findings, several positive associations have been
435found between the SES and fitness, which may be explained
by the fact that a higher SES could allow families to have an
easier access to extracurricular sport activities, as well as to
have a greater awareness of the importance of having
a healthier lifestyle (Jiménez Pavón et al., 2010).
440Another important finding of our study was that absolute HG
did not show significant differences across SES levels. However,
whenHGwas expressed in relation to bodyweight (i.e., relativeHG
strength) or when an additional adjustment by BMI was made,
high SES levels were associated with higher absolute HG levels.
445These findings are in agreement with previous evidence suggest-
ing that the SES-related differences in body size might explain
some of the associations between the SES levels and fitness
(Jiménez Pavón et al., 2010; Sandercock et al., 2017). Thus, it has
been shown that the relative-to-body weight measurement of HG
450predicts different health outcomesmore accurately than the abso-
lute HG (Artero et al., 2011; Steene-Johannessen, Anderssen, Kolle,
& Andersen, 2009). This highlight the importance of taking into
account the anthropometric characteristics of the sample in further
studies (Jiménez Pavón et al., 2010; Otero et al., 2016; Sandercock
455et al., 2017).
In our study, having a high SES is related to having a lower
risk of having low musculoskeletal fitness. Low musculoskele-
tal fitness during childhood and adolescence may increase the
odds of having major causes of death in the young adulthood
460(Ortega, Silventoinen, Tynelius, & Rasmussen, 2012).
Individuals who have musculoskeletal fitness seem to be
those who have families with lower SES and, in order to
improve this relationship, they should be encouraged to
engage in exercise and other forms of physical activity.
465Fatness and physical fitness according to marital status
In our study, no significant differenceswere found in fatness across
categories of marital status. However, several studies in children
showed that those living in single-parent homes had a higher BMI
than their peers living with both parents together (Hesketh et al.,
4702007; Yannakoulia et al., 2008). This associationmay grew stronger
with age (Hesketh et al., 2007). These findings might explain our
non-significant differences between marital status and fatness,
since the impact of the marital status on the weight status could
require longer exposure over time. On the other hand, and fromall
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475 the fitness components, we found that preschoolers whose par-
ents weremarried had a higher cardiorespiratory fitness than their
peers whose parents were single. This could be due to the notion
that, in general, families who function more cohesively (i.e., mar-
ried parents) may generate a positive environment that facilitates
480 the engagement of children in physical activity activities (Trost &
Loprinzi, 2011). Also, due to practical reasons, mono-parental
familiesmight havemore time limitations to take children to after-
school sport activities or playgrounds than when there are two
parents involved, since house and children care duties can be
485 distributed between both parents instead. Further studies analys-
ing the influence of the marital status on fatness and fitness levels
are needed to clarify how family structure might influence impor-
tant health outcomes, such as fatness and fitness.
Limitations and strengths
490 A small effect size was observed for the differences in fitness and
fatness across SES levels that could be due to the multifactorial
aetiology of preschoolers fitness and fatness status. The fact that
we did not find a medium or even large effect by a single SES
factor could be due to the variety of other heritable and environ-
495 mental factors influencing. Thus, although medium or large
effect sizes were observed in other studies also comparing fat-
ness and fitness between different SES levels, (Imhof et al., 2016;
Jiménez Pavón et al., 2010), in one of these studies the medium
effect sizewas reduced to a small effect after controlling for other
500 environmental factors such as household income and migrant
background. In the present study, there is a lack of information
about essential factors such as family income or living space or
about important potential confounders as an objective measure
of physical activity patterns of the sample. Another limitationwas
505 the causality of the association of fatness and fitness with SES
which cannot be determined due to the cross-sectional design of
the study. The use of anthropometrics as proxy of fatness instead
of using more accurate body composition methods can be also
considered as a limitation. On the other hand, the main strength
510 of this study was the fact that, to the best of our knowledge, this
was the first study to investigate the relationship between the
SES and main health-related physical fitness components in
a sample of 3–5-year-old preschool children. Another strength
was the relatively large and geographically distributed (i.e.,
515 north, centre, and south, and the two island regions) sample of
Spanish preschoolers. Furthermore, the sampling of the PREFIT
Project includes 10 different cities all over Spain, which allows
covering physical fitness and body composition data from pre-
schoolers belonging to many parts of the country. The estab-
520 lished validity and reliability of the PREFIT test battery used in the
present research is a strength of the study (Cadenas-Sánchez
et al., 2014; Cadenas-Sanchez et al., 2016; Mora-Gonzalez et al.,
2017; Ortega et al., 2015).
Practical implications
525 We believe that the findings obtained in the present study have
several practical implications that must be addressed: 1) Fatness
and fitness are explained by an important genetic contribution
and also by multiple environmental factors (e.g., perinatal factors,
nutrition, exercise…). However, our results suggest that SES
530factors (i.e., parental educational and occupational levels) may
have also a contribution to preschoolers’ fatness and fitness.
However, the fact that we did not find a medium or large effect
by a single SES factor may be due to the wide variety of other
heritable and environmental factors that could be influencing; 2)
535In addition, there may be a chance that the potential influence of
SES on fatness and fitness could be amplified over time, i.e., if SES
has an influence on individuals’ fatness and fitness already after
3 years of life, such influence could potentially enhances the
differences between children from low and high SES families as
540they grow older. Longitudinal studies will confirm or contrast this
hypothesis; 3) Finally, we believe that in some cases the significant
differences observed between SES groups could have practical
implications. As an example, the difference in standing long jump
in a preschool child from a father with low occupation al level is
54571.6 cm vs. 76.0 cm in a child from a father with high occupational
level, which corresponds to a difference of 4.4 cm in average. This
represents nearly a 6% difference proportionally to the average
jump of the population studied, what could be considered as
a meaningful difference; 4) The findings of the present study
550indicate that already at early ages those who have a low SES
have higher odds of being obese. This should be taken into
account by public policies who should carry out educational
programmes to help low SES families palliate these odds.
Conclusion
555The results suggest that a high SES level seems to positively
influence fatness and fitness outcomes, yet musculoskeletal
fitness might be the health-related physical fitness component
most strongly influenced by the SES. Furthermore, a low SES,
as measured by either educational or occupational factors,
560seems to be a risk factor of becoming obese or having low
musculoskeletal fitness in preschoolers. Both paternal and
maternal SES levels seem to relate similarly to fatness and
fitness levels of their children, which might be influenced by
a growing equality regarding their presence in the household.
565In this sense, the marital status was solely associated to cardi-
orespiratory fitness. Public policies should carry out educa-
tional programmes in order to educate parents on how to
keep a healthy lifestyle, so that they can transmit it to their
children. Educating parents seems important already at pre-
570school ages. Furthermore, the SES needs to be considered as
a key factor in interventions targeted to reduce inequalities in
health, and they should focus on the community level such as
the school setting.
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